The total phenolic content and antioxidant activity of 6 Salvia spp. exudates were measured to find new potential sources of natural antioxidants. Total phenolic content was assessed by a modified Prussian blue method, and the antioxidant activity by two methods: 1,1-diphenyl-2-picryl-hydrazyl (DPPH) radical scavenging capacity assay and lipoxygenase inhibitory assay. The total phenolic content ranged between 1.3 µg/mg DW (S. fallax) and 74.0 µg/mg DW (S. cacaliaefolia). In the DPPH test, S. cacaliaefolia was more effective than BHT, while in the inhibition of lipid peroxidation all the extracts presented good antioxidant capacity.
Phenolic antioxidants, a specific group of secondary metabolites, play an important role in protecting organisms against harmful effects of oxygen radicals and other highly reactive oxygen species. In recent years, considerable attention has been devoted to the development of natural antioxidants. For the replacement of conventional synthetic antioxidants with natural products, spices and plants are considered to be promising sources, and much research has been aimed at their evaluation [1a-1f] . Many species of Lamiaceae have demonstrated strong antioxidative properties. Because of their industrial and commercial exploitation, rosemary (Rosmarinus officinalis), oregano (Origanum vulgare) and sage (Salvia officinalis) have been extensively studied, and their extracts were the first marketed natural antioxidants [2] . Among the spices with antioxidant properties, the use of rosemary and sage has increased widely in many food applications and cosmetics, to replace synthetic antioxidants, which are being restricted due to their carcinogenicity [1b]. In rosemary, the antioxidant activity has been attributed to six different phenolic diterpenes: carnosol, carnosic acid, rosmadial, rosmanol, epirosmanol and methyl carnosate [3a,3b] . Sage (Salvia officinalis) has been extensively studied with regard to its anti-lipid peroxidant and free-radical scavenging activities, and various phenolic compounds, such as abietane diterpenes, caffeoyl glycosides, and rosmarinic acid and its derivatives, have been identified among the antioxidative principles [3c-3f]. It is known that antioxidant activity depends, first, on genetic and growing conditions, such as the quality of the original plant, its geographical origin and climatic conditions, the harvesting date, and its storage and processing, and secondly, on the extraction process and selected parameters [3b]. On the basis of these data, the purpose of our study was to examine the total polyphenol content and antioxidant activity of exudates of Salvia ssp, which, to the best of our knowledge, have not yet been reported.
The total content of polyphenolic compounds in Salvia spp exudates and their antioxidant activities are reported in Table 1 . The highest concentration of polyphenols was detected in S. cacaliaefolia (74 μg polyphenols/mg DW), followed by S. namaensis (20 μg polyphenols /mg DW) and S. chamaedryoides (15 μg polyphenols /mg DW) ( Table 1) . Many natural antioxidants are phenolic compounds and thus determination of phenolic content may provide useful information that could be correlated with the antioxidant capacity of the sample. The antioxidative effect of plants is mainly attributed to the phenolic compounds they contain, including flavonoids, phenolic acids and phenolic diterpenes, which have the ability to scavenge free radicals, donate hydrogen atoms or electrons, and chelate metal cations. [4a] . The contents of phenolic substances can vary in different varieties and cultivars. In addition, contents of phenolic substances are influenced by a large number of external factors such as agritechnical processes, climatic conditions and ripeness during harvest, postharvest manipulations, and time of consumption [4b] .
In this work the antioxidant activity was evaluated utilizing two spectrophotometric methods: (1) the scavenging effect on DPPH and (2) the inhibition of lipid peroxide radical formation. The data concerning antioxidant activity of the extracts, expressed as IC 50 (mg DW/mL and μg DW/mL, respectively) are reported in Table 1 and compared with the activity of the known antioxidant, BHT.
In the reduction of the stable radical DPPH (Table 1) , the extracts of S. cacaliaefolia and S. namaensis (IC 50 = 17 mg DW/mL and 21 mg DW/mL, respectively) were more effective than BHT (IC 50 = 87 mg DW/mL ) (p<0.01), while in the inhibition of lipid peroxidation (Table 1) , BHT was significantly (p<0.01) less effective than all the tested species, except S. cacaliaefolia; there was no statistical difference between BHT and the exudate of S. cacaliaefolia. Differences in antioxidative behavior were observed in the two types of test and these can be ascribed to their different antioxidative mechanisms. The DPPH assay is based on redox reaction. DPPH is a stable free radical that potentially reacts with the compounds able to donate H + . From a mechanistic point of view, the efficiency of an antioxidant component in reducing DPPH largely depends on its hydrogen-donating ability, which is directly related to the number of phenolic hydroxyl moieties [4c]. The DPPH method does not discriminate between radical species, but The values are the average of three determinations (± SD). Significant differences among the means are evaluated using Duncan's multiple range test. Values with the same letters in a column are not significantly different at the 0.05 probability level. The letters are given following increasing values.
gives a general idea of the radical quenching ability [4a] , while the protection of lipid peroxidation is more complex [4b] . In this study, the six Salvia species tested showed very good antioxidant activity, and in future work we propose to evaluate them for possible use as natural preservatives. 
Experimental

Extraction of Salvia spp. exudates and total polyphenol content:
Fresh aerial parts (2.6 kg) of each species were immersed in CH 2 Cl 2 for 20 s. After filtration, the extraction solvent was removed under reduced pressure. Total polyphenolic contents were determined by the Prussian Blue method described by Hagerman and Butler [4d], with slight modifications. Aliquots of the extract were made up to 1 mL with distilled water; after adding 60 μL of 0.1 M FeNH 4 (SO 4 ) 2 , they were incubated for 20 min at room temperature. Subsequently, 60 μL of 8 mM K 3 Fe(CN) 6 were added to the samples, and after 20 min at room temperature, the optical density of the mixture was determined at 720 nm (Jasco V-530 spectrophotometer). Quercetin was used as standard to construct a calibration curve.
DPPH assay:
Radical scavenging activity was determined by a spectrophotometric method based on the reduction of an ethanol solution of 1,1-diphenyl-2-picryl-hydrazyl (DPPH) [4e] . A 100 M DPPH ethanolic solution was prepared and 1.5 mL was added to the same volume of sample dissolved in ethanol. The absorbance decrease at 517 nm was recorded after 10 min and the antioxidant activity was expressed as percent decrease in absorbance (corrected for the control, without antioxidant agents added).
Inhibition of lipid peroxide formation:
Free radical scavenging activity was evaluated by the 5-lipoxygenase test. The activity of the enzyme was assayed spectrophotometrically according to Holman. This method was modified by Sud'ina et al. (17) . The assay mixture (1 mL) contained: 10 mM linoleic acid, the sample (or the same quantity of solvent as reference) and 50 mM sodium phosphate, pH 6.8. This mixture was maintained at 23°C for 20 min. Subsequently, 0.18 g mL -1 commercial 5-lipoxygenase was added to the mixture and the formation of hydroperoxides from linoleic acid was observed spectrophotometrically at 235 nm at 23°C. Tests were carried out in triplicate.
Statistical analysis:
All data are the average of triplicate analyses. The data were recorded as mean ± standard deviation and analyzed by SPSS (Version 9.0 for Windows 98, SPSS Inc.). Calculations were performed with the GraphPad Prism program [GraphPad Software, Inc., USA]. One-way analysis of variance was performed followed by the Duncan's multiple range test; p values of <0.05 were regarded as significant and p values of <0.01 very significant.
